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(54) Brake fluid pressure retaining unit 

(57) A brake fluid pressure retaining unit (RU) for 
retaining brake fluid pressure within a wheel cylinder 
(WC) after releasing a brake pedal (BP) is disclosed. 
The brake fluid pressure retaining unit comprises a 
brake fluid pressure reduction speed control means for 
retaining reduction speed of the brake fluid pressure 
within the wheel cylinder less than that of brake pedal 
load applied by a driver. The brake fluid pressure reduc- 
tion speed control means maybe formed by a restriction 
(D) in a brake fluid pressure drcuit arranged between a 
master cylinder (MC) at which the brake fluid pressure 
is generated in accordance with a brake pedal load 
applied by the driver and the wheel cylinder. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a brake fluid 
pressure retaining unit for retaining brake fluid pressure 
within a wheel cylinder after a driver releases a brake 
pedal. 

BACKGROUND OF THE INVENTION 

[0002] A brake fluid pressure retaining unit is dis- 
closed in Japanese Laid-open Patent Publication 
No.60-12360. In this brake fluid pressure retaining unit 
when a brake pedal is released, brake fluid pressure is 
retained within a wheel cylinder until a starting opera- 
tion is initiated and driving force is exerted on a vehicle 
such as by depressing an accelerator pedal in the case 
of an automatic transmission vehicle or by releasing a 
clutch pedal and depressing an accelerator pedal in the 
case of a manual transmission vehicle. This eliminates 
unintentional backward movement or displacement of 
the vehicle and hence facilitates the starting operation 
of the vehicle on a slope. 

[0003] When starting off a motor vehicle on a down 
slope, the driver often releases the brake pedal in stead 
of exerting driving force on the vehicle such that the 
vehicle starts to move due to its own weight. However if 
the vehicle is equipped with the above brake fluid pres- 
sure retaining unit, the vehicle could not start on the 
slope after releasing the brake pedal since the brake 
fluid pressure keeps on acting within the wheel cylinder 
until the starting operation is initiated. The brake fluid 
pressure retaining unit works irrespective of the inclina- 
tion of the slope. In order to eliminate this drawback, 
Japanese Laid-open Patent Publication No.63 -43854 
discloses a brake fluid pressure retaining unit, in which 
an inclination detecting means for detecting up slope or 
down slope and a switch which is turned on when the 
back gear of the transmission is selected are provided 
such that the brake fluid pressure retaining unit merely 
actuates when the vehicle climbs the slope in a forward 
or rearward direction. 

SUMMARY OF THE INVENTION 

[0004] The present invention seeks to provide a 
novel brake fluid pressure retaining unit, which can elim- 
inate the aforementioned drawback without requiring 
the detection of up or down slope. 
[0005] According to the present invention, there is 
provided a brake fluid pressure retaining unit for retain- 
ing brake fluid pressure within a wheel cylinder after 
releasing a brake pedal, the brake fluid pressure retain- 
ing unit comprising: 

a brake fluid pressure reduction speed control 
means for retaining reduction speed of the brake 



fluid pressure within the wheel cylinder less than 
that of brake pedal load applied by a driver. 

[0006] With such brake fluid pressure retaining unit 
5 when the brake pedal load applied by the driver is 
released, the brake fluid pressure within a wheel cylin- 
der does not immediately decrease to zero as is in the 
normal run. The brake fluid pressure is retained within 
the wheel cylinder until the starting operation of the 
10 vehicle is initiated. In other words, the brake fluid pres- 
sure continues to act within the wheel cylinder during 
the time required for a pedal-changing action from the 
brake pedal to the accelerator pedal. This facilitates a 
smooth start of the vehicle on an up slope since the 
15 vehicle is prevented from unintentional backward dis- 
placement. 

[0007] On a down slope, however, since the reduc- 
tion speed of the brake fluid pressure within the wheel 
cylinder is slow, when releasing the brake pedal, the 

20 brake fluid pressure within the wheel cylinder gradually 
decreases to such an extent that the vehicle can start to 
move due to its own weight. Although it takes time, the 
brake fluid pressure in the end decreases to the amount 
corresponding to the brake pedal load applied by the 

25 driver after loosening the brake pedal BK. Therefore, 
the driver can start off the vehicle on the down slope 
merely by releasing or loosening the brake pedal BK 
and without operating the accelerator pedal. 
[0008] According to the present invention, the brake 

30 fluid pressure reduction speed control means of the 
aforementioned brake fluid pressure retaining unit is 
formed by a restriction in a brake fluid pressure channel 
(brake fluid pressure circuit) arranged between a master 
cylinder at which the brake fluid pressure is generated 

35 in accordance with a brake pedal load applied by the 
driver and the wheel cylinder. 

[0009] In such construction, when the brake pedal 
load is reduced, the brake fluid within the wheel cylinder 
returns to the master cylinder through the restriction in 

40 the brake fluid pressure channel between the master 
cylinder and the wheel cylinder. Since a flow of the 
brake fluid is restricted at the restriction, reduction 
speed of the brake fluid within the wheel cylinder will be 
less than that of the brake pedal load applied by the 

45 driver. 

[0010] The present invention also seeks to provide 
a brake fluid pressure retaining unit for retaining brake 
fluid pressure within a wheel cylinder after releasing a 
brake pedal, wherein said brake fluid pressure retaining 
so unit retains reduction speed of the brake fluid pressure 
within the wheel cylinder less than that of brake pedal 
load applied by a driver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0011] 

Fig.1 shows a brake fluid pressure retaining unit 
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according to the present invention arranged in a 
brake fluid pressure circuit of a hydraulically opera- 
ble braking device. 

Fig. 2 shows a brake fluid pressure retaining unit 
according to the present invention arranged outside 
a brake fluid pressure circuit of a hydraulically oper- 
able braking device. 

Fig.3 is a sectional view showing detailed structure 
of the brake fluid pressure retaining unit according 
to the present invention. 

Fig.4A shows an enlarged sectional view showing a 
main part of each relief valve and restriction. Fig.4B 
explains a process for making a restriction by way 
of cutting. Fig.4C explains a process for making a 
restriction by way of coining. Figs.4Cl and 4C2 
respectively show a groove forming and coining in 
greater detail. 

Fig.5 shows a brake fluid pressure retaining unit 
according to the present invention, in which a servo 
valve is used. 

Fig.6 shows a system configuration of a vehicle 
including the brake fluid pressure retaining unit 
according to the present invention. 
Fig.7 shows the control of the brake fluid pressure 
retaining unit according to the present invention, in 
which Fig.7A shows the logic for closing a solenoid 
valve, and Fig.7B shows the logic for automatically 
turning off the engine. 

Fig.8 shows the control of the brake fluid pressure 
retaining unit according to the present indention 
when the vehicle starts, in which Fig.8A shows the 
logic for opening a solenoid valve, and Fig.8B 
shows the logic for automatically turning on the 
engine. 

Fig.9 is a time chart for the control of a vehicle 
including the brake fluid pressure retaining unit 
according to the present invention. Here, changes 
of driving force and braking force of the vehicle are 
shown together with opening and closing conditions 
of the solenoid valve. The driving force and the 
braking force are shown in time sequence order, 
i.e., braking, stopping and restarting the vehicle. 
Fig.10 shows a brake fluid pressure circuit of the 
vehicle shown in Fig.9. The brake fluid pressure cir- 
cuit corresponds to the condition when the vehicle 
stops. 

Fig.11 is a time chart for the control of a vehicle 
without a relief valve, which corresponds to Rg.9. 
Fig. 12 shows a brake fluid pressure circuit of the 
vehicle shown in Fig.11. The brake fluid pressure 
circuit corresponds to the condition when the vehi- 
cle stops. 

Fig. 13 is a time chart corresponding to Fig.9, in 
which the engine is not automatically turned off 
when the vehicle stops. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0012] A brake fluid pressure retaining unit accord- 
s ing to the present invention may be applicable for all 
kinds of vehicles which have a braking device operable 
by hydraulic pressure (brake fluid pressure) and are 
provided with a motor. Here, the term "motor" includes 
an engine such as an internal combustion engine driven 
10 by gasoline and the like, Stirling engine as an external 
combustion engine, and an electric motor. Also, the 
term "vehicle" includes a manual transmission type 
vehicle and an automatic transmission type vehicle. 
Such brake fluid pressure retaining unit may be applica- 
75 ble to both types. 

[0013] A brake fluid pressure retaining unit accord- 
ing to the present invention will be described in greater 
detail. 

so (Construction of Brake Fluid Pressure Retaining unit) 

[0014] A brake fluid pressure retaining unit accord- 
ing to the invention is incorporated in a brake fluid pres- 
sure circuit of a hydraulically operable braking device. 

25 The brake fluid pressure retaining unit comprises a 
brake fluid pressure reduction speed control means for 
retaining reduction speed of brake fluid pressure within 
the wheel cylinder less than that of brake pedal load 
applied by a driver. 

30 [001 5] With reference to Fig. 1 , the brake fluid pres- 
sure retaining unit will be described in relation to a 
hydraulically operable braking device. 

(Hydraulically Operable Braking Device) 

35 

[0016] A hydraulically operable braking device is 
shown in Fig.1. A brake fluid pressure circuit BC of a 
hydraulically operable braking device BK comprises 
brake fluid piping FP connecting the braking device BK 
40 to a master cylinder MC and a wheel cylinder WC. Since 
brake is a very important factor for a safety run, the 
braking device BK has two separate systems of brake 
fluid pressure circuits BC(A), BC(B). Therefore, if one 
system is out of order, the remaining system works for 
45 obtaining a minimum braking force. 

[0017] A master cylinder piston MCP is inserted 
into a main body of the master cylinder MC. When the 
driver applies a load to the brake pedal BP. the piston 
MCP is pressed and pressure is applied to the brake 
so fluid within the master cylinder MC so that mechanical 
force is converted into brake fluid pressure, i.e., the 
pressure applied to the brake fluid. When the driver 
releases the brake pedal for removing the applied load, 
the piston MCP is returned to the original position by the 
55 resilient action of a return spring MCS and the brake 
fluid pressure is released. In view of fail-safe mecha- 
nism, there are provided two separate brake fluid pres- 
sure circuits BC. For this reason, the master cylinder 
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MC shown in Fig.1 is a tandem master cylinder, where 
two pistons MCP, MCP are connected in series so that 
a main body of the master cylinder MC is divided into 
two portions. 

[0018] A master power MP (brake booster) is pro- 5 
vided between the brake pedal BP and the master cylin- 
der MC so as to ease the braking effort of the driver. The 
master power MP shown in Fig.1 is a vacuum servo 
type. The master power MP takes out negative pressure 
from a manifold of a non-shown engine 1 so as to facili- 10 
tate the braking operation of the driver. 
[001 9] The brake fluid piping FP connects the mas- 
ter cylinder MC and the wheel cylinder WC. The brake 
fluid piping FP functions as a fluid channel for the brake 
fluid. Brake fluid pressure generated at the master cylin- is 
der MC is transmitted to the wheel cylinder WC since a 
flow of the brake fluid travels through the brake fluid pip- 
ing FP. When the brake fluid pressure within the wheel 
cylinder WC is greater, the brake fluid is transmitted 
from the wheel cylinder WC to the master cylinder MC 20 
through the brake fluid piping FP. Since separate brake 
fluid pressure circuits BC are provided for the reason 
mentioned above, there are also provided two separate 
brake fluid piping systems FP. The brake fluid pressure 
circuit BC such as constructed by the brake fluid piping 2s 
shown in Rg.1 is an X-piping type, where one brake 
fluid pressure circuit BC(A) is for braking a front right 
wheel and a rear left wheel, and the other brake fluid 
pressure circuit BC(B) is for braking a front left wheel 
and a rear right wheel. The brake fluid pressure circuit 30 
may be a front and rear dividing piping type, where one 
brake fluid pressure circuit is for braking front wheels, 
and the other brake fluid pressure circuit is for braking 
rear wheels. 

[0020] The wheel cylinder WC is provided for each 35 
wheel so that the brake fluid pressure generated at the 
master cylinder MC and transmitted to the wheel cylin- 
der WC through the brake fluid piping FP is converted 
into a mechanical force for breaking wheels (braking 
force). A piston is inserted into the wheel cylinder WC 40 
so that when the piston is pressed by the brake fluid 
pressure, it generates a braking force for actuating 
brake pads in the case of cfisc brakes or brake shoes in 
the case of drum brakes. 

[0021] Additionally, there may be provided hydraulic 45 
valves for controlling brake fluid pressure within the 
wheel cylinders of the front and rear wheels. 

( Brake Fluid Pressure Retaining unit) 

so 

[0022] With reference to Fig.1 , the brake fluid pres- 
sure retaining unit RU according to the present inven- 
tion will be described. The brake fluid pressure retaining 
unit RU comprises a brake fluid pressure reduction 
speed control means for retaining reduction speed of 55 
the brake fluid pressure within the wheel cylinder less 
than that of brake pedal load applied by the driver upon 
starting the vehicle. The brake fluid pressure reduction 



speed control means works such that the reduction 
speed of the brake fluid pressure within the wheel cylin- 
der (reduction speed of the braking force) becomes 
slower than that of the brake pedal load applied by the 
driver upon releasing the brake pedal BP. 
[0023] The brake fluid pressure reduction speed 
control means having the above function is made by the 
provision of (I) a flow resistance against a flow of the 
brake fluid in the brake fluid pressure circuit or (II) 
means for restricting the movement of the brake pedal 
BP in addition to the brake fluid pressure circuit so as to 
restrict the recovering speed of the brake pedal BP from 
a brake pedal acting position to the original position in 
such a way that the brake pedal BP slowly returns to its 
original position if the driver quickly releases the brake 
pedal BP. The former is for restricting a flow of the brake 
fluid per se, while the latter is for restricting the move- 
ment of the brake pedal BP In either case, reduction 
speed of the brake fluid pressure within the wheel cylin- 
der will be less than that of brake pedal load applied by 
the driver. 

[0024] (I) A variation will be described for the brake 
fluid pressure reduction speed control means, which is 
provided in the brake fluid pressure circuit BC of the 
hydraulically operable braking device. In this variation, 
there are provided a solenoid valve SV and a restriction 
D, and if necessary, a check valve CV and a relief valve 
RV for the restriction of a flow of the brake fluid per se. 
In this variation, the brake fluid pressure reduction 
speed control means comprises the solenoid valve SV 
and the restriction D. 

[0025] The solenoid valve SV is open and closed by 
electric information from ECU 6. When the solenoid 
valve SV is closed, a flow of the brake fluid within the 
brake fluid piping FP is shut down so that brake fluid 
pressure within the wheel cylinder WC is retained. Fig.1 
shows two solenoid valves SV, SV which are open. Pro- 
vision of the solenoid valve SV prevents the vehicle from 
unintentional backward displacement on a slope since 
the brake fluid pressure is retained within the wheel cyl- 
inder after the driver releases the brake pedal BP. The 
term "unintentional back ward displacement" means 
that the vehicle moves in an opposite direction due to its 
potential energy (own weight), in other words, the vehi- 
cle begins to descend backwardly on a slope. 
[0026] The solenoid valve SV may be of both nor- 
mally open and normally closed types. However, in view 
of fail-safe mechanism, a normally open type is prefera- 
ble. This is because when electricity is cut off due to 
malfunction, brake does not work or brake always works 
in a normally closed type solenoid valve SV In the nor- 
mal operation, the solenoid valve SV is closed during 
the period from stopping to starting the vehicle. Condi- 
tions for closing or opening the solenoid valve SV (how 
the solenoid valve is closed or open) will be described 
later. 

[0027] The restriction D always connects the mas- 
ter cylinder MC and the wheel cylinder WC notwith- 
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standing that the solenoid valve SV is open or closed. 
Especially when the solenoid valve SV is closed and the 
driver gradually or at a time releases the brake pedal 
BP, the restriction D reduces the brake fluid pressure 
within the wheel cylinder WC at a certain speed by grad- 
ually transferring the brake fluid from the wheel cylinder 
WC to the master cylinder MC. Such a restriction D may 
be formed by the provision of a flow control valve or a 
flow resistance (constriction or reduced area portion 
where a part of the section is narrower) at the brake fluid 
piping FP. 

[0028] With the provision of the restriction D when 
the driver gradually or at a time releases the brake pedal 
BP, braking force is gradually lowered so that even if the 
solenoid valve SV is closed, brake does not work per- 
manently. In other words, reduction speed of the brake 
fluid pressure within the wheel cylinder WC will be 
slower than that of brake pedal load applied by the 
driver. Therefore, even if the solenoid valve SV is 
closed, braking force is reduced after a certain period of 
time so that the vehicle can be restarted on the up slope 
by the driving force of its motor. Meanwhile, the vehicle 
can be started on the down slope due to its potential 
energy without requiring the accelerator pedal operation 
of the driver. 

[0029] The restriction D does not affect the braking 
force as long as the brake fluid pressure within the mas- 
ter cylinder MC due to the driver's brake pedal operation 
is greater than that within the wheel cylinder WC. This is 
because the brake fluid flows based on a pressure dif- 
ference between the wheel cylinder WC and the master 
cylinder MC, i.e. from one at higher brake fluid pressure 
to the other at lower brake fluid pressure. Unless the 
driver releases the brake pedal BP, the brake fluid pres- 
sure within the wheel cylinder WC does not lower 
although it may increase. The restriction D may function 
as a check valve so as to prevent a counter flow from 
the master cylinder MC to the wheel cylinder WC. 
[0030] Reduction speed of the brake fluid pressure 
within the wheel cylinder WC is determined so as to 
keep sufficient time for pedal-changing action of the 
driver from the brake pedal BP to the accelerator pedal 
that is the time for obtaining sufficient driving force of 
the motor to start the vehicle on the slope without unin- 
tentional backward displacement thereof. Normally, the 
time required for the pedal-changing action and for 
obtaining sufficient driving force of the motor is about 
0.5 seconds.. 

[0031] In the case that the reduction speed of the 
brake fluid pressure within the wheel cylinder WC is 
faster, the vehicle will move backward on the slope 
before sufficient driving force of the motor will be 
obtained since braking force after releasing the brake 
pedal BP will be immediately lost even if the solenoid 
valve SV is closed. For this reason, this brake fluid pres- 
sure retaining unit can not achieve the purpose for facil- 
itating the starting operation on the slope. On the 
contrary, in the case that the reduction speed of the 



brake fluid pressure within the wheel cylinder WC is 
slower, the vehicle will not move backward on the slope 
after releasing the brake pedal BP since the brake is 
working at all times. However, extra time and driving 
5 force is required for obtaining braking force and suffi- 
cient driving force to move the vehicle against the slope, 
leading to difficulty in the starting operation. 
[0032] Reduction speed for reducing the brake fluid 
pressure within the wheel cylinder WC is determined by 
io properties of the brake fluid or shape of the restriction D 
(cross section or length of the flow pass). The restriction 
D may be employed as an integral member with a sole- 
noid valve SV and a check valve CV. In this case, the 
number of parts and install space may be reduced. 
is [0033] A check valve CV is provided in case of 
necessity. The check valve CV transfers the brake fluid 
pressure generated within the master cylinder MC into 
the wheel cylinder WC on condition that the solenoid 
valve SV is closed and the driver increases a pedal 
20 load. The check valve CV works effectively when the 
brake fluid pressure generated within the master cylin- 
der MC is greater than the brake fluid pressure within 
the wheel cylinder WC, thereby quickly increasing the 
brake fluid pressure within the wheel cylinder WC in 
25 accordance with the increased brake pedal load. 

[0034] If an arrangement is employed such that the 
dosed solenoid valve SV is open when the brake fluid 
pressure within the master cylinder MC becomes 
greater than that within the wheel cylinder WC, there is 
30 no need to provide a check valve CV since the solenoid 
valve SV itself responds to the increased brake pedal 
load. 

[0035] A relief valve RV is also provided in case of 
necessity. The relief valve RV transfers the brake fluid 
35 within the wheel cylinder WC into the master cylinder 
MC until the brake fluid pressure within the wheel cylin- 
der becomes a certain pressure level on condition that 
the solenoid valve SV is closed and the driver gradually 
a at a time releases the brake pedal BP. The relief valve 
40 RV works when the brake fluid pressure within the 
wheel cylinder WC is greater than the predetermined 
brake fluid pressure and the brake fluid pressure within 
the master cylinder MC. Therefore, even if the solenoid 
valve SV is closed, extra brake fluid pressure within the 
45 wheel cylinder WC beyond the necessary brake fluid 
pressure is quickly reduced to a certain level of brake 
fluid pressure (relief pressure). Provision of the relief 
valve RV eliminates the drawback that reduction of the 
brake fluid pressure within the wheel cylinder WC 
so through the restriction D requires too much time rf the 
driver has forcefully depressed the brake pedal BP on 
the slope. 

[0036] A brake switch BSW detects whether the 
brake pedal BP has been depressed or not. and then 
55 based on the detected value, it sendis a signal to an 
ECU 6 (CVT ECU6) for opening and closing the sole- 
noid valve SV. The brake switch BSW may be any 
means for detecting whether the driver's foot is put on 
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the brake pedal BR The brake switch BSW will be 
described later. 

[0037] (II) A variation will be described for the brake 
fluid pressure reduction speed control means, which is 
provided outside the brake fluid pressure circuit BC of = 
the hydraulically operable braking device BK. Fig. 2 
shows a variation of the brake fluid pressure retaining 
unit of the present invention provided outside the brake 
fluid pressure circuit BC of the hydraulically operable 
braking device BK. In this variation, there is provided 
restricting means for restricting the recovering action of 
the brake pedal BP in order to restrict the recovering 
speed of the brake pedal BP. According to this variation, 
there is an advantage that only one solenoid valve SV is 
necessary in comparison to the arrangement that the 
brake fluid pressure reduction speed control means is 
provided in the brake fluid pressure circuit BC. 
[0038] As shown in Fig.2, the restricting means for 
restricting the recovering action of the brake pedal BP 
comprises a recovering action restricting cylinder RC, 
fixing jigs FJ for attaching the cylinder RC to the brake 
pedal BP and the vehicle body a solenoid valve SV and 
a restriction D, and if necessary a check valve CV and a 
relief valve RV. The construction of the restricting 
means is substantially the same as the aforementioned 
arrangement where the brake fluid pressure reduction 
speed control means is provided in the brake fluid pres- 
sure circuit BC. The brake fluid pressure reduction 
speed control means is constructed for example from 
the recovering action restricting cylinder RC, solenoid 
valve SV and the restriction D. 

[0039] A piston RCP is provided within the recover- 
ing action restricting cylinder RC. A main body of the 
cylinder RC is attached to the vehicle body and the pis- 
ton RCP is attached to the brake pedal BP by way of the 
fixing jigs FJ. When the driver depresses the brake 
pedal BP. fluid such as air within the recovering action 
restricting cylinder RCP is discharged into the air. On 
the contrary, when the driver releases the brake pedal 
BP, fluid such as air flows into the recovering action 
restricting cylinder RC due to recovering action of the 
brake pedal BP. In order to restrict the recovering speed 
of the brake pedal BP, the solenoid valve SV and the like 
are connected to the recovering action restricting cylin- 
der RC so that the amount of the fluid flown into the cyl- 
inder RC after releasing the brake pedal BP is 
restricted. 

[0040] Operation and Function of the solenoid valve 
SV and the restriction D are common to the arrange- 
ment where the brake fluid pressure reduction speed 
control means is provided in the brake fluid pressure cir- 
cuit BC of the hydraulically operable braking device BK. 
[0041] The restricting means for restricting the 
recovering action of the brake pedal BP may be formed 
by restricting the pressure within the master power MR 



< Detailed Structure of the Brake Fluid Pressure Retain- 
ing unit) 

[0042] With reference to Fig.3, detailed structure of 

5 the brake fluid pressure retaining unit RU according to 
the present invention will be described. As shown in 
Fig.3, the brake fluid pressure retaining unit RU com- 
prises a solenoid valve SV, restriction D, check valve CV 
and a relief valve RV If this brake fluid pressure retain- 

10 ing unit RU is provided within the brake fluid pressure 
circuit BC of the hydraulically operable braking device 
BK, the construction thereof will be the same as that 
disclosed in Fig. 1 . In this brake fluid pressure retaining 
unit RU. the restriction D is integrally provided within the 

15 relief valve RV. Since the restriction D does not require 
install space, the brake fluid pressure retaining unit RU 
is compact. This is advantageous since it can be readily 
installed for a vehicle without a brake fluid pressure 
retaining unit RU. This brake fluid pressure retaining unit 

20 RU may be provided in the brake fluid pressure circuit 
BC shown in Fig.1, or alternatively it may be provided 
outside the brake fluid pressure circuit BC such as 
shown in Fig.2. 

[0043] The solenoid valve SV positions upwardly of 
25 the brake fluid pressure retaining unit RU. When electric 
currents flow into a coil portion SVc of the solenoid 
valve SV, magnetic force is generated. A shaft SVs 
reciprocates under the influence of the magnetic force. 
Attached at the lower end of the shaft SVs is a ball SVb. 
30 The ball SVb is reciprocated by the reciprocating move- 
ment of the shaft SVs, thereby opening and closing a 
valve portion SVv. Electricity is supplied to the solenoid 
valve SV through two electrodes Sve, Sve. Reference 
numeral SVf indicates a spring for upwardly urging the 
35 shaft SVs. 

[0044] When the solenoid valve SV is open, the 
brake fluid from the master cylinder MC flows from a 
joint Jm at a side of the master cylinder into the brake 
fluid pressure retaining unit RU, and then in turn flows 
40 through a main flow channel Cm (the main flow channel 
Cm, circular flow channel Cr and the main flow channel 
Cm), valve portion SVv which is open, main flow chan- 
nel Cm and a joint Jw at a side of the wheel cylinder to 
the wheel cylinder WC. The brake fluid flows in the 
45 reverse when it flows from the wheel cylinder WC to the 
master cylinder MC. 

[0045] When the main flow channel Cm is closed by 
the action of the solenoid valve SV, brake fluid pressure 
is retained within the wheel cylinder WC. 

so [0046] The check valve CV positions downwardly of 
the valve portion SVv of the solenoid valve SV. When 
the solenoid valve SV is closed and the driver increases 
the brake pedal load by further depressing the brake 
pedal BP, the brake fluid from the master cylinder MC 

55 flows from the joint Jm at the side of the master cylinder 
into the brake fluid pressure retaining unit RU, and then 
in turn flows through the main flow channel Cm, circular 
flow channel Cr, valve portion CVv of the check valve 
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CV. main flow channel Cm and the joint Jw at the side of 
the wheel cylinder to the wheel cylinder WC. The check 
valve CV opens on condition that the brake fluid pres- 
sure within the master cylinder MC is greater than that 
within the wheel cylinder WC and the differential pres- 5 
sure between the master cylinder MC and the wheel cyl- 
inder WC is greater than the working pressure of the 
check valve CV The working pressure of the check 
valve CV is determined for example by the spring force 
of the spring CVs for urging the ball CVb of the check 70 
valve CV. Here, reference numeral CVc indicates a ball 
for closing a communication hole in communication with 
the circular flow channel Cr. The circular flow channel 
Cr is a ring-shaped channel for brake fluid, which is pro- 
vided at the lower end of the valve portion SVv so as to 15 
surround the check valve CV. 

[0047] With the provision of the check valve CV 
even if the solenoid valve SV is closed, braking force 
can be increased by the driver s further brake pedal 
depressing operation. 20 
[0048] The relief valve RV positions downwardly of 
the brake fluid pressure retaining unit RU. An upper por- 
tion of the relief valve RV is connected to the circular 
flow channel Cr though a branch channel Cb. When the 
solenoid valve SV is closed and the driver releases the 2s 
brake pedal BP which has been forcefully depressed, 
the brake fluid within the wheel cylinder C flows into the 
master cylinder MC passing through the joint Jw at the 
side of the wheel cylinder WC. main flow channel Cm, 
branch channel Cb, valve portion RVv of the relief valve so 
RV, branch channel Cb, circular flow channel Cr, main 
flow channel Cm and the joint Jm at the side of the mas- 
ter cylinder. The relief valve RV opens on condition that . 
the brake fluid pressure within the wheel cylinder WC is 
greater than that within the master cylinder MC and the 35 
differential pressure between the wheel cylinder WC 
and the master cylinder MC is greater than the working 
pressure of the relief valve RV. The working pressure of 
the relief valve RV is determined for example by the 
spring force of the spring RVs for urging the ball RVb of *o 
the relief valve RV. 

[0049] With the provision of the relief valve RV even 
if the solenoid valve SV is closed, the brake fluid pres- 
sure within the wheel cylinder WC is instantly 
decreased to the relief pressure by releasing the brake 45 
pedal BP. 

[0050] The restriction D is provided as a small 
groove around the valve portion RVv of the relief valve 
RV (hereinafter described in greater detail). The groove 
is provided such that the ball does not block the groove so 
when the relief valve RV is closed. Therefore, the mas- 
ter cylinder MC and the wheel cylinder WC are in con- 
stant communication through the restriction D 
irrespective of the open and closed condition of the 
solenoid valve SV. check valve CV and the relief valve 55 
RV. When the brake fluid pressure within the wheel cyl- 
inder WC is greater than that within the master cylinder 
MC, the brake fluid flows from the wheel cylinder WC 



into the master cylinder MC passing through the joint Jw 
at the side of the wheel cylinder, main flow channel Cm, 
branch channel Cb, restriction D provided at the valve 
portion RVv of the relief valve RV, branch channel Cb, 
circular flow channel Cr, main flow channel Cm and the 
joint Jm at the side of the master cylinder. Direction to 
which ihe brake fluid flows through the restriction is 
determined by the differential pressure between the 
master cylinder MC and the wheel cylinder WC. Amount 
of the brake fluid passing through the restriction in a cer- 
tain period of time will change due to cross section of 
the flow channel of the restriction D, length of the flow 
channel, differential pressure between the master cylin- 
der MC and the wheel cylinder WC, viscosity of the 
brake fluid and the like. 

[0051] Since the restriction D is formed by a small 
groove, when the driver gradually or at a time releases 
the brake pedal BP, the brake fluid flows from the wheel 
cylinder WC to the master cylinder MC and therefore 
the braking force is gradually reducing. 
[0052] With reference to Fig.4, the relief valve RV 
and the restriction D will be described in detail. Fig.4A 
shows an enlarged sectional view showing a main part 
of each relief valve and restriction. Fig.4B explains a 
process for making a restriction by way of cutting. 
Fig.4C explains a process for making a restriction by 
way of coining. Figs.4C1 and 4C2 respectively show a 
groove forming and coining in greater detail. 
[0053] The relief valve RV is of normally closed type 
in which the fluid channel for the brake fluid is blocked 
by the ball RVb. Tne ball RVb is pressed against the 
taper-shaped valve portion RVv by the spring RVs. In 
this arrangement, when the brake fluid within the wheel 
cylinder WC is greater than that within the master cylin- 
der MC and the differential pressure between the wheel 
cylinder WC and the master cylinder MC is greater than 
the urging force of the spring RVs, the ball RVb floats 
against the spring RVs. thereby opening the relief valve 
RV. On the contrary, when the differential pressure is 
smaller than the urging force of the spring RVs, the 
floating ball RVs is pressed against the valve portion 
RVv, thereby closing the relief valve RV. 
[0054] The restriction D is formed as a V-shaped 
groove having a smaller cross section. The V-shaped 
groove is formed at a part of the taper-shaped valve por- 
tion RVv in a direction along a flow of the brake fluid. As 
mentioned above, since the restriction D is not blocked 
by the ball RVb when the relief valve RV is closed, the 
restriction D enables constant communication of the 
brake fluid. The arrow shown in Fig.4A indicates a flow 
of the brake fluid when the brake fluid pressure within 
the master cylinder MC is smaller. As long as the brake 
fluid is flown into the master cylinder MC at a certain 
speed after releasing the brake pedal BP, shape of the 
restriction D may be of any know shape such as a U- 
shaped groove or the like. 

[0055] Since the restriction D is provided as a 
groove formed in the relief valve RV, the number of parts 



7 



13 



EP1 013 519 A2 



14 



required and install space may be reduced. Further, 
manufacture of the restriction D will be less complicated 
for the reason hereinafter described. 
[0056] As shown in Fig.4B, the V-shaped restriction 
D is formed by way of cutting the taper-shaped valve 
portion RVv with a cutter blade CB. As shown in Fig.4C, 
the restriction D may be formed by way of coining a jig 
against the taper-shaped valve portion RVv. The arrows 
shown in Figs.4B and 4C indicate directions to which 
the cutter blade CB and the jig JB are moved. 
[0057] As shown in Figs. 4C1 and 4C2, manufac- 
ture of the V-shaped groove may be carried out for 
example first by pressing a jig JB having a wedge- 
shaped front portion (groove making process) and then 
coining a spherical jig JB\ In this method, burrs result- 
ing from the groove making process are leveled in the 
following coining process. This method is advantageous 
since the restriction D can be formed from material 
deformation and no chips are formed. 
[0058] The restriction D shown in Figs.3 and 4 is 
integrally formed in the relief valve RV. However, the 
restriction D may be integrally formed in the solenoid 
valve SV or the check valve CV. The brake fluid pres- 
sure retaining unit RU shown in Fig. 3 is an integral 
structure combined with the solenoid valve SV and the 
like. However, when applying the restriction D as a V- 
shaped groove to the brake fluid pressure retaining unit 
RU. structure of the brake fluid pressure retaining unit 
RU is not limited to such an integral structure. In other 
words, when the restriction D is applied to the brake 
fluid pressure retaining unit RU where the solenoid 
valve SV and the check valve CV are separately con- 
nected, it may be formed as a V-shaped groove such as 
provided in the relief valve RV. 

( Modification of the Brake Fluid Pressure Retaining 
Unit> 

[0059] Various modifications will be made for the 
brake fluid pressure retaining unit RU according to the 
present invention. For example, instead of employing 
the solenoid valve SV, restriction D and the relief valve 
RV, there may be used a servo valve LSV having the 
same functions as these elements (referring to Fig.5). 
Reference numeral PG in Fig.5 indicates a brake fluid 
pressure gauge for measuring the brake fluid pressure 
within the master cylinder MC and the servo valve LSV 
The measured value is calculated at the ECU 6 (CVT 
ECU 6). The servo valve LSV then changes degrees of 
valve opening based on a command signal from the 
ECU 6. thereby adjusting the flow rate of the brake fluid 
(brake fluid pressure reduction speed). Here, the two 
servo valves LSV, LSV shown in Fig.5 are open. 
[0060] In this arrangement, since the servo valve 
LSV has functions as a restriction and a relief valve, 
reduced number of parts to be required and less install 
space can be achieved. 

[0061 ] A check valve CV may be provided in case of 



necessity. If the arrangement is employed such that the 
servo valve LSV increases its degree of valve opening 
on condition that the brake fluid pressure within the 
master cylinder MC is greater than that within the wheel 
5 cylinder WC. the servo valve LSV itself can respond to 
the increased brake pedal load applied by the driver. 

< Basic Operation of the Brake Fluid Pressure Retaining 
Unit) 



10 

[0062] With reference to Fig.1, basic operation of 
the brake fluid pressure retaining unit according to the 
invention will be described. 

15 (Stop/Start Operations on Up Slope) 

[0063] For example, when the vehicle has to stop at 
a traffic light on an up slope, the driver depresses the 
brake pedal BP so as to prevent the vehicle from unin- 
20 tentional backward displacement due to its own weight. 
The brake fluid within the master cylinder MC is there- 
fore pressed, and the brake fluid pressure within the 
master cylinder increases. This increased brake fluid 
pressure results in a flow of the brake fluid, which flows 
25 from the master cylinder MC to the wheel cylinder WC 
through the brake fluid piping FP and the solenoid valve 
Sv in the open condition. Therefore, the brake fluid pres- 
sure generated within the master cylinder MC is con- 
verted into the braking force for breaking wheels, and 
30 the vehicle can be stopped on the slope. 

[0064] The ECU (CVT ECU 6) judges conditions 
including the stop of the vehicle and closes the solenoid 
valve SV so as to retain the brake fluid pressure within 
the wheel cylinder WC. The ECU 6 is not required to 

35 judge whether the vehicle is stopped on a slope or not. 
In the case of the arrangement where a check valve CV 
is provided, even if the solenoid valve SV is closed, 
braking force is increased through the check valve CV 
when the driver further increases the brake pedal load. 

40 [0065] In order to initiate the starting operation of 
the vehicle on the slope, the driver releases the brake 
pedal BP and in stead depresses the non-shown accel- 
erator pedal. During the operation, since the solenoid 
valve SV is closed, the vehicle is prevented from unin- 

45 tentional backward displacement even if the driver 
releases the brake pedal BP. However, the brake fluid 
pressure within the wheel cylinder WC gradually 
decreases through the restriction D, and the braking 
force gradually decreases at the same time. 

so [0066] Meanwhile, when the driver depresses the 
accelerator pedal, the driving force of the vehicle 
increases. The vehicle can start off on the slope when 
the driving force of the vehicle becomes greater than the 
total amount of the prevention force, which prevents the 

55 vehicle from advancing the slope, and the braking force, 
which has been gradually reducing. 
[0067] The provision of the restriction D ensures a 
smooth starting operation of the vehicle on the up slope 
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unless the vehicle displaces backward for 0.5 seconds 
after the driver releases the brake pedal BP. Normally, 
sufficient driving force is obtained for the vehicle such 
as by depressing the accelerator pedal at 0.5 seconds 
after releasing the brake pedal BP. The provision ol the 5 
relief valve RV ensures a smooth starting operation of 
the vehicle even if the driver has forcefully depressed 
the brake pedal BP than required. This is because the 
brake fluid pressure within the wheel cylinder WC 
immediately decreases to a certain brake fluid pressure w 
level (relief pressure) after the driver gradually or at a 
time releases the brake pedal BP. 
[0068] Brake dragging will be caused if the solenoid 
valve SV is continuously kept closed after the vehicle 
starts moving on the slope. For this reason, the solenoid is 
valve SV is preferably controlled so as to be open when 
the driver initiates the starting operation. Specifically, 
the solenoid valve SV is controlled to be open when the 
accelerator pedal is depressed in the case of automatic 
transmission vehicles and when the accelerator pedal is so 
depressed and the clutch is engaged by the return of 
the clutch pedal in the case of manual transmission 
vehicles. Further, in view of fail-safe performance, the 
solenoid valve SV may be controlled to be open at a cer- 
tain period of time (for example 2 to 3 seconds) after 25 
releasing the brake pedal BR Depression and release 
of the brake pedal BP is detected by the brake switch 
BSW. Alternatively, in order to prevent unintentional 
brake dragging, the solenoid valve SV may be control- 
led to be open when the vehicle reaches to a certain 30 
speed (for example 5 km/h). 

(Stop/Start Operations on Down Slope) 

[0069] When stopping the vehicle on a down slope, 35 
the driver depresses the brake pedal BP. The ECU 6 
judges conditions including the stop of the vehicle and 
closes the solenoid valve SV so as to retain the brake 
fluid pressure within the wheel cylinder WC. As men- 
tioned above, the ECU 6 does not judge whether the 40 
vehicle is stopped on a slope. 

[0070] in order to start off the vehicle on the down 
slope, the driver then releases the brake pedal BP. Nor- 
mally, in a down slope, the driver does not depress the 
accelerator pedal when starting the vehicle. The driver 4t 
merely depresses the clutch pedal and disengages the 
clutch so that the vehicle can start moving due to its own 
weight. According to the brake fluid pressure retaining 
unit RU of the present invention, since the restriction is 
provided, braking force gradually decreases after 5( 
releasing the brake pedal BP. The braking force 
decreases even if the solenoid valve SV is closed. 
Therefore, the driver can start the vehicle without oper- 
ating the accelerator pedal. 

[0071] In the brake fluid pressure retaining unit RU s 
of the invention, the driver can start off the vehicle on an 
up slope without any difficulty. Further, the brake fluid 
pressure retaining unit RU does not affect a smooth 



start operation of the vehicle on a down slope and a flat 
place. Since the ECU 6 does not have to judge the 
slope, means for detecting slope (slope detecting 
means) is not necessary. Moreover, the brake fluid pres- 
sure retaining unit RU may be readily applicable to ail 
kinds of vehicles. 

(Other Modifications) 

[0072] As to vehicles provided with a traction con- 
trol system in which brake fluid pressure is generated 
irrespective of the brake pedal operation, a brake fluid 
pressure retaining unit according to the present inven- 
tion may be formed such that control of the brake fluid 
pressure within the wheel cylinder upon releasing the 
brake pedal is carried out by the traction control system. 
However, in this arrangement, the traction control sys- 
tem has to control the brake fluid pressure within the 
wheel cylinder while detecting the reduction speed of 
the brake fluid pressure (reduction speed of the brake 
pedal load) such as in the case of the brake fluid retain- 
ing unit RU having the servo valve LSV shown in Fig.5. 
[0073] As to vehicles provided with an antilock brak- 
ing system which controls the brake fluid pressure 
within the wheel cylinder upon depressing the brake 
pedal, a brake fluid pressure retaining unit according to 
the present invention may be formed such that control of 
the brake fluid pressure within the wheel cylinder is car- 
ried out by the antilock braking system. 

EXAMPLE 

[0074] The present invention will be described in 
greater detail by way of specif ic examples. 
[0075] In this example, a brake fluid pressure 
retaining unit according to the present invention is 
applied to an automatic transmission vehicle (hereinaf- 
ter referred to as a vehicle). The system configuration of 
this vehicle is shown in Fig.6. 

[0076] The vehicle shown in this example is a 
hybrid vehicle having an engine and an electric motor 
as a driving motor, and is provided with a belt-type con- 
tinuously variable transmission (hereinafter referred to 
as CVT) as a transmission. The brake fluid pressure 
retaining unit RU applied to the vehicle includes a sole- 
noid valve SV, restriction D, relief valve RV and a check 
valve CV in the brake fluid pressure circuit BC. This 
brake fluid pressure retaining unit RU is the same as 
that shown in Fig. 1. 

i [0077] The vehicle is further provided with a driving 
force reduction apparatus or/and a driving motor stop- 
ping apparatus. The driving force reduction apparatus is 
for reducing creep driving force on condition that the 
driving motor is idling, the vehicle moves under a certain 

s speed, and the brake pedal BP is depressed. The driv- 
ing motor stopping apparatus is for automatically stop- 
ping the driving motor while the vehicle stops. Moreover, 
the vehicle is provided with a system for automatically 
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initiating automatic control for generating driving force 
on condition that the brake pedal BP is released and the 
brake switch BSW is off. 

< System Configuration ) 

[0078] The system configuration of the vehicle will 
be described with reference to Fig.6. The vehicle is pro- 
vided with an engine 1 and a motor 2 as a driving motor, 
and a belt-type continuously variable transmission (CVT 
3) as a transmission. The engine 1 is controlled at a fuel 
injection electronic control unit (hereinafter referred to 
as Fl ECU). The Fl ECU is integrally constructed with a 
management electronic control unit (hereinafter 
referred to as MG ECU), and it is equipped in a fuel 
injection/ management electronic control unit 4 (herein- 
after referred to as FI/MG ECU). The motor 2 is control- 
led at a motor electronic control unit 5 (hereinafter 
referred to as MOT ECU). Further, the CVT 3 is control- 
led at a CVT electronic control unit 6 (hereinafter 
referred to as CVT ECU). 

[0079] A drive axle 7 provided with driving wheels 8, 
8 is mounted to the CVT 3. Each driving wheel 8, 8 is 
provided with a disc brake 9. which includes the wheel 
cylinder WC and the like (Rg. 1). The wheel cylinders 
WC of the disc brakes 9.9 are connected to the master 
cylinder MC through the brake fluid pressure retaining 
unit RU. When the driver depresses the brake pedal BR 
the brake pedal load generated is transmitted to the 
master cylinder MC through the master power MP. The 
brake switch BSW detects whether the brake pedal BP 
is depressed or not. As mentioned above, instead of 
detecting the depression of the brake pedal BP, the 
brake switch BSW may detect whether the driver's foot 
is put on the brake pedal BP. 

[0080] The engine 1 is an internal combustion 
engine, which makes use of thermal energy. The engine 
1 drives the driving wheels 8, 8 through the CVT 3 and 
the drive axle 7. In order to improve fuel economy, the 
engine 1 may be automatically turned off when the vehi- 
cle stops. For this reason, the vehicle is provided with a 
driving motor stopping apparatus for automatically turn- 
ing off the engine 1 when certain automatic engine stop 
conditions are satisfied. 

[0081] The motor 2 has an assist mode for the 
assist of the engine drive with the use of electric energy 
from a non-shown battery. The motor 2 has a regenera- 
tion mode for converting the kinetic energy derived from 
the rotation of the drive axle 7 into electric energy. When 
the engine does not require the assist from the assist 
mode (such as for starting on a down slope or deceler- 
ation of the vehicle), the thus converted electric energy 
is stored in a non-shown battery. Further, the motor 2 
has an actuation mode for actuating the engine 1. 
[0082] The CVT 3 includes an endless beft winded 
between a drive pulley and a driven pulley so as to ena- 
ble continuously variable gear ratio by changing a wind- 
ing radius of the endless belt. Change of the winding 



radius is achieved by changing each pulley width. The 
CVT 3 engages the clutch and an output shaft so as to 
transmit the output of the engine 1 converted by the 
endless belt into the drive axle 7 through gears at the 

5 output side of the clutch. The vehicle equipped with the 
CVT 3 enables creep running, and such a vehicle 
requires a driving force reduction apparatus for reducing 
the driving force to be utilized for the creep running. 
Driving force of the creep running is adjustable by the 

io engaging force of the clutch. The driving force of the 
creep running is adjusted for two conditions, i.e., strong 
driving force and weak driving force. The strong driving 
force is equivalent to a driving force to keep the vehicle 
stationary on the slope at an inclination angle of 5 

75 degrees. This is called "strong creep" in this example. In 
the weak driving force, almost no driving force is 
obtained. This is called "weak creep" in this example. In 
the strong creep, when the accelerator pedal is 
released (i.e., the vehicle is in the idling condition) and a 

20 positioning switch is selecting a running range (D range, 
L range or R range), the vehicle moves slowly after 
releasing the brake pedal BP as if the vehicle creeps on 
the ground. In the weak creep, however, when the vehi- 
cle moves under a certain low speed and the brake 

25 pedal BP is depressed, the vehicle stops or moves at a 
very low speed. 

[0083] Range positions of the positioning switch 
PSW is selected by a shift lever. Such range positions 
are selected from P range to be used for parking the 

so vehicle, N range as a neutral range, D range to be used 
for a normal run, and L range to be used for obtaining a 
sudden acceleration or strong engine brake. The term 
"running range" indicates a range position, where the 
vehicle can move, in this vehicle, the running range 

35 includes D range, L range and R range. Further, when 
the positioning switch PSW selects the D range, D 
mode as a normal running mode and S mode as a 
sports mode can be selected by a mode switch MSW. 
[0084] The Fl ECU contained in the FI/MG ECU 4 

40 controls the amount of fuel injection so as to achieve the 
optimum air fuel ratio, and it also generally controls the 
engine 1 . Various kinds of Information such as a throttle 
angle and conditions of the engine 1 are transmitted to 
the Fl ECU such that the engine 1 is controlled based 

45 on such information. The MG ECU contained in the 
FI/MG ECU 4 mainly controls the MOT ECU 5 as well as 
judges the automatic engine stop condition and the 
automatic engine actuation condition. The MG ECU 
receives information as to conditions of the motor 2 and 

so other information such as conditions of the engine 1 
from the Fl ECU, and based on such information it 
sends instructions about the mode switching of the 
motor 2 to the MOT ECU 5. Further, the MG ECU 
receives information such as conditions of the CVT 3, 

55 conditions of the engine 1. range information of the 
positioning switch PSW, conditions of the motor 2 and 
the like, and based on such information it judges 
whether the engine 1 should be automatically stopped 
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or automatically actuated. 

[0085] The MOT ECU 5 controls the motor 2 based 
on a control signal from the FI/MG ECU 4. The control 
signal from the FI/MG ECU 4 includes mode information 
instructing actuation of the engine 1 by the motor 2, s 
assistance of the engine actuation or regeneration of 
electric energy, and an output required value to the 
motor 2, and the MOT ECU 5 sends an order to the 
motor 2 based on such information. Further, the MOT 
ECU 5 receives information from the motor 2 and trans- 10 
mits information such as the amount of generated 
energy or the capacity of the battery to the FI/MG ECU 
4. 

[0086] The CVT ECU 6 controls the transmission 
gear ratio of the CVT 3, the engagement force of the 
clutch and the like. Various kinds of information such as 
conditions of the CVT 3, conditions of the engine 1 , 
range information of the positioning switch PSW and the 
like are transmitted to the CVT ECU 6, and based on 
such information the CVT ECU 6 transmits a signal to 
the CVT 3, the signal of which includes the control of 
hydraulic pressure of each cylinder provided at the drive 
pulley and the driven pulley of the CVT 3, and the con- 
trol of hydraulic pressure of the clutch. The CVT ECU 6 
further controls the On/Off (open and close) operation 
of the solenoid valves SVA. SVB in the brake fluid pres- 
sure retaining unit RU (Fig. 1 ) as well as carries out the 
judgment as to whether the creep driving force should 
correspond to the strong creep or the weak creep. The 
CVT ECU 6 is equipped with a failure-detecting unit DU 
for the purpose of detecting malfunction of the brake 
fluid pressure retaining unit RU. The failure-detecting 
unit DU is provided with a driving circuit for the On/Off 
(open and close) operation of the solenoid valves SVA t 
SVB in the brake fluid pressure retaining unit RU. 
[0087] The disk brakes 9, 9 are constructed such 
that a disk rotor rotatable with the driving wheel 8 is 
pressed between the brake pads moved by the wheel 
cylinder WC (Fig.1 ) and the braking force is obtained by 
the frictional force therebetween. The brake fluid pres- 
sure within the master cylinder MC is transmitted to the 
wheel cylinder WC through the brake fluid pressure 
retaining unit RU. 

[0088] With the provision of the brake fluid pressure 
retaining unit RU the brake fluid pressure within the 
wheel cylinder WC keeps on acting after releasing the 
brake pedal BR The brake fluid pressure retaining unit 
RU comprises a driving circuit for the failure-detecting 
unit DU within the CVT ECU 6 so as to open and close 
the solenoid valves SVA, SVB in the brake fluid pres- 
sure retaining unit RU. 

[0089] The On/Off operation of the solenoid valve is 
meant as follows. In the normally open type solenoid 
valve, when the solenoid valve is turned on (On), the 
valve is closed, and when the solenoid valve is turned 
off (Off), the valve is open. In the normally closed type 
solenoid valve, when the solenoid valve is turned on 
(On), the valve is open, and when the solenoid valve is 



turned off (Off), the solenoid valve is dosed. The sole- 
noid valves SVA, SVB in this example are of normally 
open type. The driving circuit supplies a coil of the sole- 
noid valve SVA, SVB with electric currents so as to turn 
on the solenoid valves SVA, SVB, and stops the supply 
of electric currents so as to turn off the solenoid valves. 
[0090] The master cylinder MC, master power MP, 
brake switch BSW and the like are the same as those 
previously described. 

[0091] The driving force reduction apparatus 
equipped in the vehicle comprises the CVT 3 and the 
CVT ECU 6. When the brake pedal BP is depressed 
and the vehicle moves under 5 km/h (under a certain 
low speed), the driving force reduction apparatus 
reduces the creep driving force from the strong creep to 
the weak creep. The driving force reduction apparatus 
judges whether the brake pedal BP is depressed. This 
is carried out at the CVT ECU 6 based on a signal from 
the brake switch BSW. The driving force reduction 
apparatus also judges from vehide speed pulse 
whether the vehicle moves under 5 km/h. When the 
driving force reduction apparatus judges the conditions 
that the brake pedal BP is depressed and the vehicle 
moves under 5 km/h. the CVT ECU 6 sends an order to 
the CVT 3 for reducing the engaging force of the clutch, 
thereby reducing the creep driving force. In addition to 
the above two basic conditions, the CVT ECU 6 further 
judges other conditions in that the brake fluid tempera- 
ture is over a certain value, that the brake fluid pressure 
retaining unit RU is normal (including the condition that 
the driving circuit of the solenoid valves SVA, SVB 
(Fig.1) in the brake fluid pressure retaining unit RU is 
normal), and that the positioning switch PSW is in the D 
range. When the CVT ECU 6 judges all the above five 
conditions, the driving force is decreased. Since the 
driving force reduction apparatus reduces the driving 
force, deteriorated fuel consumption of the vehicle is 
prevented. When the vehicle stops and is in weak creep, 
the CVT ECU 6 judges the conditions for the strong 
creep. When the conditions for the strong creep are sat- 
isfied, the CVT ECU 6 sends an order to the CVT 3 for 
increasing the engaging force of the clutch, thereby 
increasing the creep driving force. Further, when the 
failure-detecting unit DU detects malfunction of the 
brake fluid pressure retaining unit RU, the operation of 
the driving force reduction apparatus is prohibited. 
[0092] The driving motor stopping apparatus 
equipped in the vehicle comprises the FI/MG ECU 4. 
The driving motor stopping apparatus automatically 
so turns off the engine 1 when the vehicle stops. At the MG 
ECU of the FI/MG ECU 4 the driving motor stopping 
apparatus judges the conditions for automatically turn- 
ing off the engine such as the vehicle speed of 0 km/h. 
The automatic stop conditions of the engine will be 
55 described later. When all of the automatic stop condi- 
tions of the engine are satisfied, the FI/MG ECU 4 
sends an engine stop order to the engine 1 so as to 
automatically turn off the engine 1. Since the driving 
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motor stopping apparatus automatically turns off the 
engine, deteriorated fuel consumption of the vehicle is 
prevented. 

[0093] The MG ECU of the FI/MG ECU 4 judges the 
automatic actuation conditions of the engine while the 
driving motor stopping apparatus automatically turns off 
the engine 1 . When all of the automatic actuation condi- 
tions of the engine are satisfied, the Fl/MG ECU 4 
sends an engine actuation order to the MOT ECU 5. 
The MOT ECU 5 further transmits an engine actuation 
order to the motor 2. The motor 2 then automatically 
actuates the engine 1 , and at the same time the vehicle 
becomes in strong creep. The automatic actuation con- 
ditions of the engine will be described later. Further, 
when the failure-detecting unit DU detects malfunction 
of the brake fluid pressure retaining unit RU, the opera- 
tion of the driving motor stopping apparatus is prohib- 
ited. 

[0094] Signals to be transmitted and received in this 
system will be described. With reference to Fig.6, the 
letter W F_ * in front of each signal indicates that the sig- 
nal is flag information, which is either 0 or 1 . The letter 
"V_ " indicates that the signal is numerical information 
(unit is optional), and the letter "L indicates that the sig- 
nal includes plural kinds of information. 
[0095] A signal transmitted from the FI/MG ECU 4 
to the CVT ECU 6 will be described. V_MOTTRQ repre- 
sents output torque value. F_MGSTB is a flag showing 
whether all of the engine stop conditions (hereinafter 
described) except for the five conditions of F_CVTOK 
are satisfied. If all the conditions are satisfied, the 
numeral 1 is given, and if not, the numeral 0 is given, 
When the F_MGSTB and the F_CVTOK are both turned 
to 1, the engine 1 is automatically turned off. When one 
of these flags is turned to 0, the engine 1 is automati- 
cally turned on. 

[0096] A signal transmitted from the FI/MG ECU 4 
to the CVT ECU 6 and the MOT ECU 5 will be 
described. V_NEP represents engine speed. 
[0097] A signal transmitted from the CVT ECU 6 to 
the FI/MG ECU 4 will be described. F_CVTOK is a flag 
showing whether five conditions are satisfied, the condi- 
tions of which includes (1) the CVT 3 is in weak creep, 
(2) ratio of the CVT 3 (pulley ratio) is low, (3) oil temper- 
ature of the CVT 3 is over a certain value, (4) tempera- 
ture of the brake fluid is over a certain value, and (5) the 
brake fluid pressure retaining unit RU is normal (includ- 
ing the condition that the driving circuit of the solenoid 
valves SVA, SVB (Fig. 1) in the brake fluid pressure 
retaining unit RU is normal). When all of the five condi- 
tions are satisfied, the numeral 1 is given, and if not, the 
numeral 0 is given. While the engine 1 is turned off. the 
above conditions (1) to (4) are maintained and the 
F_CVTOK is judged merely from the condition (5) that is 
whether the brake fluid pressure retaining unit RU is 
normal. When the engine 1 is turned off and the brake 
fluid pressure retaining unit RU is normal, the F_CVTOK 
is 1. When the brake fluid pressure retaining unit RU is 



out of order, the F_CVTOK is 0. 
[0098] F_CVTTO is a flag showing a condition 
whether oil temperature of the CVT 3 is over a certain 
value. If the oil temperature is at the certain value or 

5 more, the numeral 1 is given, and if the oil temperature 
is below the value, the numeral 0 is given. Oil tempera- 
ture of the CVT 3 is obtained from electrical resistance 
value of the linear solenoid controlling the hydraulic 
pressure of the clutch in the CVT 3. F_POSR is a flag 

ic showing a condition whether the positioning switch 
PSW is selected in the R range. If the positioning switch 
PSW selects the R range, the numeral 1 is given, and if 
not, the numeral 0 is given. F_POSOD is a flag showing 
a condition whether the positioning switch PSW selects 

75 the D range and the mode switch MSW selects the D 
mode. If the D range and the D mode (D range/D mode) 
are selected, the numeral 1 is given, and if not, the 
numeral 0 is given. When the FI/MG ECU 4 does not 
receive any information indicating the D range/D mode, 

20 R range, P range or the N range, the FI/MG ECU 4 
judges either the D range/S mode or the L range is 
selected. 

[0099] A signal transmitted from the engine 1 to the 
Fl/MG ECU 4 and the CVT ECU 6 will be described. 

25 V_ANP represents negative pressure value at the 
intake pipe of the engine 1 . V_TH represents throttle 
angle. V_TW represents temperature of the cooling 
water at the engine 1 . V_TA represents intake tempera- 
ture of the engine 1. Temperature of the brake fluid 

30 within the brake fluid pressure retaining unit RU, which 
is disposed within the engine compartment is obtained 
from the intake temperature. This is because both tem- 
peratures change with respect to the temperature at the 
engine compartment. 

35 [0100] A signal transmitted from the CVT 3 to the 
FI/MG ECU 4 and the CVT ECU 6 will be described. 
V_VSP1 represents vehicle speed pulse from one of the 
two vehicle speed pickups provided in the CVT 3. Vehi- 
cle speed is calculated based on the vehicle speed 

40 pulse. 

[0101] A signal transmitted from the CVT 3 to the 
CVT ECU 6 will be described. V_NDRP represents 
pulse showing the number of revolutions of the drive 
pulley provided at the CVT 3. VJslDNP represents 

45 pulse showing the number of revolutions of the driven 
pulley provided at the CVT 3. V.VSP2 represents vehi- 
cle speed pulse from the other vehicle speed pickup at 
the CVT 3. The V_VSP2 is more accurate than the 
V_VSP1, and the V_VSP2 is used for calculating the 

so amount of clutch slipping at the CVT 3. 

[01 02] A signal transmitted from the MOT ECU 5 to 
the FI/MG ECU 4 will be described. V_QBAT represents 
remaining capacity of the battery. V_ACTTRQ repre- 
sents output torque value of the motor 2. which is the 

55 same as the. V_MOTTRQ. LMOT represents informa- 
tion such as the amount of generated energy of the 
motor 2 showing electric loading. The motor 2 gener- 
ates all the electric power consumed for the vehicle 
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including the electric power for driving the motor. 
[0103] A signal transmitted from the FI/MG ECU 4 
to the MOT ECU 5 will be described. VJ3MDPWR rep- 
resents output required value to the motor 2. 
VJENGTRQ represents output torque value of the s 
engine 1. I_MG represents information such as the 
actuation mode, assist mode and the regeneration 
mode with respect to the motor 2. 
[0104] A signal transmitted from the master power 
MP to the FI/MG ECU 4 will be described. V_M/PNP io 
represents negative pressure detected value at a con- 
stant pressure chamber of the master power MP. 
[0105] A signal transmitted from the positioning 
switch PSW to the FI/MG ECU 4 will be described. N or 
P is transmitted as positioning information when the 15 
positioning switch PSW selects either the N range or the 
P range. 

[0106] A signal transmitted from the CVT ECU 6 to 
the CVT 3 will be described. V_DRHP represents 
hydraulic pressure command value to the linear sole- 20 
noid valve, which controls the hydraulic pressure within 
the cylinder of the drive pulley at the CVT 3. V_DNHP 
represents hydraulic pressure command value to the 
linear solenoid valve, which controls the hydraulic pres- 
sure within the cylinder of the driven pulley at the CVt 3. 25 
The transmission gear ratio of the CVT 3 is changed by 
the V_DRHP and the V_DNHP. V_SCHP represents 
hydraulic pressure command value to the linear sole- 
noid valve, which controls the hydraulic pressure of the 
clutch at the CVT 3. The engaging force of the clutch is 30 
changed by the V.SCHR 

[01 07] A signal transmitted from the CVT ECU 6 to 
the brake fluid pressure retaining unit RU will be 
described. F_SOLA is a flag for the On/Off operation of 
the solenoid valve SVA (Fig.1) in the brake fluid pres- 35 
sure retaining unit RU, in which 1 is for turning on, while 
0 is for turning off. F_SOLB is a flag for the On/Off oper- 
ation of the solenoid valve SVB (Fig.1) in the brake fluid 
pressure retaining unit RU, in which 1 is for turning on 
and 0 is for turning off. 40 
[0108] A signal transmitted from the positioning 
switch PSW to the CVT ECU 6 will be described. The 
positioning switch PSW selects the N range, P range, R 
range. D range or the L range, and the selected range is 
transmitted as positioning information. <5 
[0109] A signal transmitted from the mode switch 
MSW to the CVT ECU 6 will be described. The mode 
switch MSW selects either the D mode (normal running 
mode) or the S mode (sports running mode), and the 
selected mode is transmitted as mode information. The so 
mode switch MSW is a mode selection switch, which 
works when the positioning switch PSW is set in the D 
range. 

[0110] A signal transmitted from the brake switch 
BSW to the FI/MG ECU 4 and the CVT ECU 6 will be ss 
described. F_BKSW is a flag showing the condition 
whether the brake pedal BP is depressed (On) or 
released (Off). If the brake pedal BP is depressed, the 



numeral 1 is given, and if the brake pedal is released, 
the numeral 0 is given. As mentioned above, the signal 
may be a flag showing the condition whether the drivers 
foot is put on the brake pedal BP (On) or not (Off). 

< Conditions for Retaining Brake Fluid Pressure) 

[01 1 1 ] In the vehicle having the above system con- 
figuration, conditions that brake fluid pressure is 
retained by the brake fluid pressure retaining unit RU 
will be described. As shown in Fig.7, such conditions 
includes (I) the driving force of the vehicle is in weak 
creep and (II) the vehide speed becomes 0 km/h. When 
these conditions are satisfied, the two solenoid valves 
SV, SV (solenoid valves A. B) are both closed, thereby 
retaining the brake fluid pressure within the wheel cylin- 
der WC. The driving force turns to the weak creep 
(F#WCRON=1) after a weak creep order (F#WCRP=1) 
is transmitted. 

(I) "Weak creep" is required for the reason that the 
driver has to forcefully depress the brake pedal BP 
on a slope. The driver can stop the vehicle on the 
slope without forcefully depressing the brake pedal 
BP since in strong creep sufficient driving force can 
be obtained so as to keep the vehicle stationary on 
the slope at an inclination angle of 5 degrees. 
Therefore, the driver may have been slightly 
depressing the brake pedal BR In this circum- 
stance, if the solenoid valve SV is dosed and the 
engine is turned off, the vehicle will unintentionally 
displace backward. 

(II) "the vehicle speed of 0 km/h" is required since 
the driver can not select a position for stopping the 
vehicle if the solenoid valve SV is closed during the 
vehicle is running. 

[I. Conditions Required for Weak Creep Order] 

[0112] As shown in Fig. 7 A, a weak creep order is 
transmitted when all the following conditions are satis- 
fied, i.e., (1) the brake fluid pressure retaining unit RU is 
normal, (2) temperature of the brake fluid is over a cer- 
tain value (F_BKTO), (3) the brake pedal BP is 
depressed and the brake switch BSW is On (F_BKSW), 
(4) vehicle speed is less than 5 km/h (F_VS), and (5) the 
positioning switch PSW is in the D range (F_POSD). As 
mentioned before, the reason that the driving force is 
kept in weak creep is for reminding the driver of 
depressing the brake pedal BP forcefully. However, this 
is also for improving fuel consumption. 

(1) The weak creep order is not transmitted when 
the brake fluid pressure retaining unit RU is not nor- 
mal. If the weak creep order is transmitted irrespec- 
tive of abnormal conditions, for example the 
solenoid valve SV does not close, and the vehicle is 
in weak creep, the vehicle will unintentionally dis- 
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place backward on a slope after the driver releases 
the brake pedal BP. This is because the brake fluid 
pressure is not retained within the wheel cylinder 
WC and the braking force is suddenly lost after 
releasing the brake pedal BP. Therefore, a smooth 5 
starting operation on the slope without uninten- 
tional backward displacement of the vehicle is 
achieved by the strong creep condition of the vehi- 
cle. 

(2) The weak creep order is not transmitted when 10 
the temperature of the brake fluid is less than a cer- 
tain value. If the brake fluid pressure retaining unit 

RU actuates irrespective of low brake fluid temper- 
atures, and the solenoid valve SV is closed, reduc- 
tion speed of the brake fluid pressure within the 15 
wheel cylinder WC will be too slow after partly 
releasing the brake pedal BP. When the brake pedal 
BP is loosened, the brake switch BSW is still On 
and the solenoid valve SV is continuously kept 
closed. Therefore, the brake fluid is merely dis- 20 
charged through the narrow restriction D. Further, if 
the temperature of the brake fluid is low, the viscos- 
ity thereof is high and the brake fluid doses not flow 
at a certain speed. For this reason, the braking 
force is kept strong continuously. 25 

As mentioned above, when the brake fluid is at 
low temperatures, the vehicle is kept in the strong 
creep condition and is prohibited to be in the weak 
creep condition so as to prevent the vehicle from 
unintentional backward displacement. If the strong 30 
creep condition is maintained, the brake fluid pres- 
sure retaining unit RU does not actuate and the 
solenoid valve SV is not closed. 

As to uie brake fluid pressure retaining unit RU 
without the restriction D in the brake fluid pressure 35 
circuit BC, such as the brake fluid pressure retain- 
ing unit RU comprising a servo valve LSV for con- 
trolling degrees of valve opening, management of 
the brake fluid temperature is not so important. 
Also, in the case of the brake fluid pressure retain- 40 
ing unit RU having a mechanism for restricting the 
recovering speed of the brake pedal BP, manage- 
ment of the brake fluid temperature is not so impor- 
tant. Therefore, when the brake fluid temperature is 
not sufficiently high, the weak creep order can be 45 
transmitted. 

(3) The weak creep order is not transmitted when 
the brake pedal BP is not depressed (F#BKSW). 
This is because the driver does not intend reduction 

of the driving force. so 

(4) The weak creep order is not transmitted when 
the vehicle speed is at 5 km/h or more. This is 
because driving force of the driving wheels 8,8 is 
transmitted to the engine 1 or the motor 2 through 
the clutch so as to obtain engine brake or carry out 55 
regenerative power generation by the motor. 

(5) When the positioning switch PSW is in the R 
range or L range and is not in the D range, the weak 



creep order is not transmitted. This is for facilitating 
steering operation of the vehicle at a garage with 
the vehicle kept in the strong creep condition. 

[01 1 3] Judgment whether the vehicle is in the weak 
creep is carried out based on the hydraulic pressure 
command value with respect to the clutch of the CVT. 
The flag F_WCRPON showing the weak creep condi- 
tion is maintained until the vehicle again becomes in the 
strong creep condition. 

[II. Conditions Required for Automatically Turning Off 
the Engine] 

[0114] In order to improve fuel consumption, the 
driving motor automatic stopping apparatus automati- 
cally turns off the engine 1 while the vehicle stops. Con- 
ditions required for automatically turning off the engine 
will be described below. When all the following condi- 
tions are satisfied, the engine stop order (F_ENGOFF) 
is transmitted and the engine is automatically turned off 
(Fig. 7B). 

(1) The positioning switch PSW selects the D range 
and the mode switch MSW selects the D mode 
(hereinafter referred to as "D range/D mode"). 
Except for the D range/D mode, the engine is not 
stopped as long as the ignition switch is turned off. 
This is because if the engine is stopped notwith- 
standing that the positioning switch PSW is in the P 
range or the N range, the driver may consider that 
the ignition switch is off and he may leave the vehi- 
cle. 

When the positioning switch PSW selects the D 
range and the mode switch MSW selects the S 
mode (hereinafter referred to as "D range/S 
mode"), automatic turning off operation of the 
engine is not carried out. This is because the driver 
is expecting quick start operation of the vehicle in 
the D range/S mode. The engine is not automati- 
cally stopped when the positioning switch PSW is in 
the L range or the R range. This is because the 
steering operation at the garage will be time-con- 
suming if the engine stops frequently. 

(2) The brake pedal BP is depressed and the brake 
switch BSW is On. This is for warning the driver. 
The driver puts his foot on the brake pedal BP when 
the brake switch BSW is On. Therefore, if the 
engine is stopped and the driving force is lost, the 
driver can easily increase a brake pedal load before 
the vehicle unintentionally displaces backward on a 
slope. 

(3) After the engine is actuated, the vehicle speed is 
once reaches to 5 km/h. This is for facilitating the 
steering operation at the garage while the vehicle 
moves in the creep running. The steering operation 
at the garage will be time-consuming if the engine is 
turned off whenever the vehicle stops for changing 
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steering directions. 

(4) vehicle speed is 0 km/h. Driving force is not 
required when the vehicle stops. 

(5) Capacity of the battery is more than a certain 
value. If the remaining capacity of the battery is not s 
enough to restart the engine, the motor cannot 
actuate the engine after turning off the engine. 

(6) Electricity consumption is below a certain value. 
This is for securing sufficient electrical supply to 
loads. The engine can be stopped if the electricity 10 
consumption is below a certain value. 

(7) Load of the constant pressure chamber of the 
master power MP is over a certain value. Since 
negative pressure in the constant pressure cham- 
ber is obtained from the intake pipe of the engine, is 
negative pressure in the constant pressure cham- 
ber becomes far smaller if the engine is stopped at 
smaller negative pressures. This leads to reduced 
amplification of the brake load when the driver 
depresses the brake pedal BP, and hence resulting so 
in deteriorated braking performance. 

(8) The accelerator pedal is not depressed. Since 
the driver does not intend further increase of the 
driving force, the engine may be stopped. 

(9) The CVT is in weak creep. This is for reminding 25 
the driver of depressing the brake pedal BP force- 
fully so as to prevent the vehicle from unintention- 
ally displacing backward upon turning off the 
engine, while the engine actuates, backward dis- 
placement of the vehicle is prevented by the total 30 
amount of the braking force and the creep driving 
force. In the strong creep, the driver may insuffi- 
ciently depress the brake pedal BP. Therefore, the 
vehicle is kept in weak creep condition before the 
engine is turned off. 35 

(10) Ratio of the CVT is low. Unless the ratio of the 
CVT (pulley ratio) is low, the engine is not automat- 
ically turned off. In order to achieve a smooth start- 
ing operation, the engine is turned off when the 
ratio of the CVT is low. *o 

(11) Water temperature of the engine is over a cer- 
tain value. This is because turning on and turning 
off operation should be carried out when the engine 
is in stable conditions. In cold area, if the water tem- 
perature is low, the engine may not restart. There- 45 
fore, automatic turning off operation of the engine is 

not carried out unless the water temperature is suf- 
ficiently high. 

(12) Oil temperature of the CVT is over a certain 
value. If the oil temperature of the CVT is low, start- so 
up for the hydraulic pressure of the clutch will cause 

a delay Therefore, the required time from actuation 
of the engine 1 to the strong creep condition is 
extended, and the vehicle will displace backward on 
a slope. For this reason, the engine 1 is not turned 55 
off when the oil temperature of the CVT is low. 

(13) Brake fluid temperature is over a certain value. 
This is because when the brake fluid temperature is 



low, flow resistance at the restriction D becomes 
larger and brake dragging will be caused. For this 
reason, the brake fluid pressure retaining unit is not 
actuated. Turning off the engine and turning to the 
weak creep condition are restricted such that the 
vehicle is kept in the strong creep condition and is 
prevented from unintentional backward displace- 
ment. As to the brake fluid pressure retaining unit 
RU without the restriction D in the brake fluid pres- 
sure circuit BC, such as the brake fluid pressure 
retaining unit RU comprising a servo valve LSV for 
controlling degrees of valve opening, management 
of the brake fluid temperature is not so important. 
Also, in the case of the brake fluid pressure retain- 
ing unit RU having a mechanism for restricting the 
recovering speed of the brake pedal BP, manage- 
ment of the brake fluid temperature is not so impor- 
tant. Therefore, when the brake fluid temperature is 
not suffidently high, the weak creep order can be 
transmitted. 

(14) The brake fluid pressure retaining unit RU is 
normal. Since brake fluid pressure may not be 
retained if the brake fluid pressure retaining unit RU 
is out of order, the strong creep condition is kept for 
preventing the vehicle from unintentional backward 
displacement on a slope. The automatic engine 
stop operation is not carried out if the brake fluid 
pressure retaining unit RU is out of order. Mean- 
while, if the brake fluid pressure retaining unit RU is 
normal, the engine is automatically turned off. 

(Conditions for Releasing Blake Fluid Pressure) 

[0115] As shown in Fig.8A, the solenoid valve SV 
once closed is open for releasing the brake fluid pres- 
sure on condition that any of the following condition is 
satisfied: (I) a certain delay time has been passed after 
releasing the brake pedal BP, (II) driving force is in 
strong creep, and (III) the vehicle speed is over 5 km/h. 

(I) Count of the delay time starts after the brake 
pedal BP is released (when the brake switch BSW 
is Off). The delay time is about 2 to 3 seconds. As a 
fail-safe action, the solenoid valve SV is open after 
a certain delay time, thereby preventing brake drag- 
ging. 

(II) The solenoid valve SV is open when the driving 
force is in strong creep. Since the driving force in 
the strong creep condition enables the vehicle to 
park against a slope having an inclination angle of 
5 degrees, there is no need to retain the brake fluid 
pressure within the wheel cylinder WC so as to pre- 
vent the vehicle from backward displacement. It is 
after transmission of the strong creep order 
(F_SCRP) that the driving force becomes in strong 
creep. The strong creep order is transmitted when 
the positioning switch selects the D range and after 
the brake pedal BP is released. 
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[Conditions for Automatically Turning off the Engine] 

[0116] After automatically turning off the engine, 
the engine is automatically restarted in the following 
conditions. These conditions will be described with ref- s 
erence to Fig.8B. The engine is automatically actuated 
if any of the following conditions is satisfied. 

(1) D range/D mode is kept and the brake pedal BP 

is released. Since this is considered that the driver 10 
initiated the starting operation, the engine is auto- 
matically actuated. 

(2) D range/S mode is selected. When the D 
range/S mode is selected while the engine has 
been automatically turned off in the D range/D is 
mode, the engine is automatically actuated. Since 

the driver is expecting a quick start of the vehicle in 
the D range/S mode, the engine is automatically 
actuated irrespective of the brake pedal release. 

(3) Accelerator pedal is depressed. This is because so 
the driver is expecting the driving force by the 
engine. 

(4) P range. N range, L range or R range is 
selected. When the P range is selected while the 
engine has been automatically turned off in the D 25 
range/D mode, the engine is automatically actu- 
ated. If the engine is not automatically actuated 
upon switching to the P range or the N range, the 
driver may think that the ignition switch was already 
turned off or that he does not have to turn off the 30 
ignition switch, and he may leave the vehicle. In 
order to prevent such a mistake and ensure fail-safe 
performance, the engine is restarted when any of 
these ranges is selected. Meanwhile, the engine is 
also automatically actuated when the L range or the 35 
R range is selected since such a switching opera- 
tion is considered that the driver intends to start the 
vehicle. 

(5) Remaining capacity of the battery is below a 
certain value. The engine is not turned off unless 40 
the remaining capacity of the battery is over a cer- 
tain value. However, capacity of the battery may 
lower after the engine is automatically turned off. In 
this case, the engine is automatically actuated for 

the purpose of the battery charge. The certain 45 
value is set to be higher than the critical battery 
capacity, below which the engine is not actuated. 

(6) Electricity consumption reaches to a certain 
value. While electricity consumers such as lights 

are working on, capacity of the battery decreases so 
quickly. As a result, the engine will not be restarted. 
For this reason, irrespective of the remaining 
capacity of the battery, the engine is automatically 
actuated when the electricity consumption is over a 
certain value. 55 

(7) Negative pressure of the master power MP is 
below a certain value. The lower the negative pres- 
sure at the master power MP the less braking force 



30 

is obtained. Therefore, the engine is restarted for 
securing sufficient braking force. 
(8) The brake fluid pressure retaining unit is out of 
order. When the solenoid valve SV or the driving 
circuit of the solenoid valve is out of order, the 
engine is actuated and the driving force is kept in 
strong creep. If the engine is turned off and failure 
is detected in the brake fluid pressure retaining unit 
RU comprising the solenoid valve, the engine is 
immediately actuated such that the driving force is 
kept in strong creep. This is because brake fluid 
pressure may not be retained after releasing the 
brake pedal BP upon starting off the vehicle. In 
other words, the strong creep prevents the vehicle 
from unintentional backward displacement and 
facilitates a smooth starting operation of the vehi- 
cle. 

(Time Chart for Control (1) > 

[0117] With reference to Fig. 9, the way of control 
will be described for the vehicle having the above sys- 
tem configuration. The positioning switch PSW and the 
mode switch MSW of the vehicle are not changed from 
the D range/D mode, and the vehicle is on the run. The 
brake fluid pressure retaining unit RU comprises a relief 
valve RV. 

[0118] In Fig.9, the upper part of the time chart 
shows a relation in time sequence between driving force 
and braking force of the vehicle, in which a thick line 
indicates driving force and a thin line indicates braking 
force, and the lower part of the time chart shows open- 
ing or closing condition of the solenoid valve SV. Fig. 10 
shows the brake fluid pressure circuit when the vehicle 
stops, in which the solenoid valve SV is closed. 
[0119] As shown in Fig.9, when the driver 
depresses the brake pedal BP while the vehicle is run- 
ning (Brake switch [ON]), braking force is increasing. 
Since the driver releases the accelerator pedal when he 
depresses the brake pedal BP, the driving force is grad- 
ually decreasing until it is in strong creep (normal idling) 
in the end. When the driver continuously depresses the 
brake pedal BP and the vehicle speed decreases below 
5 km/h, the weak creep order (F_WCRP) is transmitted. 
The driving force is reduced and is then turned to be in 
weak creep (F_WCRPON). 

[0120] When the vehicle speed becomes 0 km/h, 
the solenoid valve SV is closed and the engine is auto- 
matically turned off (F_ENGOFF) so that the driving 
force is lost. Brake fluid pressure is retained within the 
wheel cylinder WC while the solenoid valve SV is 
dosed. Meanwhile, since the engine is turned off after 
the driving force becomes in the weak creep condition, 
the driver depresses the brake pedal BP in order to pre- 
vent unintentional backward displacement of the vehi- 
cle. Therefore, even if the engine is automatically turned 
off, the vehicle does not displace backward (backward 
displacement restriction force). If the vehicle displaces 
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backward, the driver additionally increases a brake 
pedal load by slightly depressing the brake pedal BP. 
Since the driver's foot is put on the brake pedal BP, the 
driver can easily depress the brake pedal additionally 
without any confusion. The automatic turning off opera- 
tion of the engine results in improved fuel economy and 
decreased amount of exhaust gas. 
[01 21 ] Conditions that the driving force becomes in 
weak creep, that the solenoid valve is closed, and that 
the engine is automatically turned off are the same as 
those previously described with reference to Fig. 7. 
[01 22] The driver then releases the break pedal BP 
in order to stand by restart of the vehicle. As shown in 
Fig. 9, if the driver depresses the bake pedal BP more 
than the setting value of the relief valve RV (relief pres- 
sure), the relief valve RV works as soon as the driver 
releases the brake pedal BP such that the braking force 
decreases in a short time to the relief pressure. Provi- 
sion of the relief valve RV ensures a smooth start oper- 
ation of the vehicle on the slope even rf the driver has 
been forcefully depressing the brake pedal BR 
[0123] When the brake pedal BP is fully released 
(Brake switch [OFF]), the automatic engine actuation 
order (F_ENGON) is transmitted. After a time lag 
derived from a delay of signal communication and 
mechanisms, the engine is automatically actuated and 
the driving force increases until it becomes in strong 
creep (F__SCRPON). The time interval required for the 
strong creep after releasing the brake pedal (the brake 
switch BSW is Off) is about 0.5 seconds. Since the sole- 
noid valve SV remains closed during the interval, the 
brake fluid within the wheel cylinder WC flows into the 
master cylinder MC merely through the restriction D. 
Therefore, the braking force gradually reduces so as to 
prevent the backward displacement of the vehicle. 
[0124] When the driving force becomes in the 
strong creep condition (F_SCRPON), the closed sole- 
noid valve SV is open and the brake fluid pressure 
within the wheel cylinder WC is reduced at a time. This 
is because the braking force prevents a smooth starting 
operation of the vehicle and brake dragging is caused in 
the end. The vehicle accelerates further by additionally 
depressing the accelerator pedal. 
[01 25] Conditions that the driving force becomes in 
strong creep and that the solenoid valve SV is open are 
the same as those previously described with reference 
to Fig.8. 

[0126] As shown in Fig.9, a phantom line is extend- 
ing downwardly from "Relief pressure" on the line indi- 
cating braking force. The phantom line indicates a case 
when the brake fluid pressure is not retained. In this 
case, since reduction of the braking force takes place 
immediately after decreasing the brake pedal load and 
the braking force is quicWy lost, a smooth starting oper- 
ation of the vehicle is not achieved. Meanwhile, on the 
line indicating braking force, a phantom line is extending 
downwardly from the point where the solenoid valve is 
open. This phantom line indicates reduction of the brak- 



ing force when the solenoid valve SV is not open. If the 
braking force decreases along this phantom line, brake 
dragging would be caused. V_BKDLY in the lower part 
of Fig.9 indicates delay time. In view of fail-safe perform- 
5 ance, the solenoid valve SV is open under any circum- 
stances after a certain period of delay time has passed. 

< Time Chart for Control (2) > 

10 [0127] With reference to Fig.1 1, the way of control 
will be described while the vehicle is on the run. The 
positioning switch PSW and the mode switch MSW of 
the vehicle are not changed from the D range/D mode. 
Not like the vehicle shown in (Time Chart for Control 

is (1 ) > , the brake fluid pressure retaining unit RU does not 
comprise a relief valve RV. 

[0128] As shown in Fig.11, the upper part of the 
time chart shows a relation in time sequence between 
driving force and braking force of the vehicle, in which a 

20 thick line indicates driving force and a thin line indicates 
braking force, and the lower part of the time chart shows 
opening or closing condition of the solenoid valve SV. 
Fig. 12 shows the brake fluid pressure circuit when the 
vehicle stops, in which the solenoid valve SV is closed. 

25 [0129] The processes before releasing the brake 
pedal BP are the same as those described in ( Time 
Chart for Control (1 ) > . Just before the brake pedal BP is 
released (Brake switch [OFF]), the solenoid valve SV is 
closed and the engine is off. If the driver releases the 

30 brake pedal BP, the braking force gradually decreases 
since the relief valve is not provided with the brake fluid 
pressure retaining unit RU. 

[0130] Meanwhile, when the brake pedal BP is 
released and the brake switch BSW is Off, the auto- 

35 matic engine actuation order (F_ENGON) is transmit- 
ted. After a time lag derived from a delay of signal 
communication and mechanisms, the engine is auto- 
matically actuated. Since such an operation is 
described in (Time Chart for Control (1 ) > , further expla- 

40 nation is omitted. 

[0131] In this example, the braking force in the 
strong creep condition becomes greater, compared to 
the vehicle shown in (Time Chart for Control (1)> . This 
is because the brake fluid pressure retaining unit RU 

45 does not include a relief valve. However, since the sole- 
noid valve SV is open in the strong creep condition, the 
braking force is immediately lost, thereby preventing 
brake dragging. The time interval required for the strong 
creep after releasing the brake pedal (the brake switch 

so BSW is Off) is about 0.5 seconds. The vehicle acceler- 
ates further by additionally depressing the accelerator 
pedal. 

[0132] As shown in Fig.1 1 . a phantom line is 
extending downwardly from the point "Brake pedal 
55 Release" on the line indicating braking force. The phan- 
tom line indicates a case when the brake fluid pressure 
is not retained. In this case, since the braking force is 
lost immediately, a smooth starting operation of the 
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vehicle is not achieved. Meanwhile, on the line indicat- 
ing braking force, a phantom line is extending down- 
wardly from the point where the solenoid valve is open. 
This phantom line indicates reduction of the braking 
force when the solenoid valve SV is not open. If the 
braking force decreases along this phantom line, brake 
dragging would be caused. V_BKDLY in the lower part 
of the figure indicates delay time. In view of fail-safe per- 
formance, the solenoid valve SV is open under any cir- 
cumstances after a certain period of delay time has 
passed. This is the same as described in < Time Chart 
for Control (1)>. 

[0133] Accordingly, even if the brake fluid pressure 
retaining unit RU does not includes a relief valve, a 
smooth starting operation of the vehicle on the slope 
can be achieved. 

(Time Chart for Control (3)) 

[0134] Finally, with reference to Fig. 13, the way of 
control will be described while the vehicle is on the run. 
The positioning switch PSW and the mode switch MSW 
are not changed from the D range/D mode. The brake 
fluid pressure retaining unit RU comprises a relief valve 
RV. Not like the vehicles shown in (Time Chart for con- 
trol (1) > and < Time Chart for Control (2) > . the vehicle is 
not controlled such that the engine is automatically 
turned off when the vehicle stops. 
[0135] As shown in Fig. 13, the upper part of the 
time chart shows a relation in time sequence between 
driving force and braking force of the vehicle, in which a 
thick line indicates driving force and a thin line indicates 
braking force, and the lower part of the time chart shows 
opening or closing condition of the solenoid valve SV. 
[01 36] Since the processes before the vehicle stops 
are the same as those described in <Time Chart for 
Control (1)> and the like, further explanation is omitted. 
The solenoid valve SV is closed when the vehicle stops. 
While, the engaging force of the clutch is kept in weak 
creep after the vehicle stops. Only a little driving force 
may be obtained in the weak creep condition, however 
consumption of fuel is saved in stead. It is the braking 
force that prevents the vehicle from backward displace- 
ment on the slope. 

[0137] Conditions that the driving force becomes in 
weak creep and that the solenoid valve SV is closed are 
the same as those previously described with reference 
to Fig.7. 

[0138] The driver then releases the break pedal BP 
in order to stand by restart of the vehicle. As shown in 
Fig. 13, if the driver depresses the bake pedal BP more 
than the relief pressure of the relief valve RV, the relief 
valve RV works as soon as the driver releases the brake 
pedal BP such that the braking force decreases in a 
short time to the relief pressure. Provision of the relief 
valve RV ensures a smooth start operation of the vehi- 
cle on the slope even if the driver has been forcefully 
depressing the brake pedal BP. 



[0139] When the brake pedal BP is fully released 
(Brake switch [Off]), the strong creep order (F_SCRP) is 
transmitted. The driving force increases until it becomes 
in the strong creep condition (F_SCRPON). Since the 

5 solenoid valve SV is closed after the brake pedal BP is 
released and before the driving force becomes in strong 
creep, the brake fluid within the wheel cylinder WC flows 
into the master cylinder MC merely through the restric- 
tion D. Therefore, as disclosed in (Time Chart for Con- 

10 trol (1)>, the braking force gradually reduces so as to 
prevent the backward displacement of the vehicle. 
[0140] When the driving force becomes in the 
strong creep condition (F_SCRPON), the closed sole- 
noid valve SV is open and the brake fluid pressure 

is within the wheel cylinder WC is reduced at a time. This 
is because the braking force prevents a smooth starting 
operation of the vehicle and brake dragging is caused in 
the end. The vehicle accelerates further by additionally 
depressing the accelerator pedal. 

so [0141] Conditions that the driving force becomes in 
strong creep and that the solenoid valve SV is open are 
the same as those previously described with reference 
to Fig.8. 

[0142] Referring to Fig. 13, a phantom line which is 
25 extending downwardly from "Relief pressure" on the line 
indicating braking force, and a phantom line which is 
extending downwardly from the point where the sole- 
noid valve is open are the same as those described in 
< Time Chart for Control (1) ) . 
30 [0143] While the present invention has been 
described by way of specific examples, it is to be under- 
stood that changes and variations may be made without 
departing from the spirit or scope of the following 
claims. 

35 [0144] A brake fluid pressure retaining unit for 
retaining brake fluid pressure within a wheel cylinder 
after releasing a brake pedal is disclosed. The brake 
fluid pressure retaining unit comprises a brake fluid 
pressure reduction speed control means for retaining 

40 reduction speed of the brake fluid pressure within the 
wheel cylinder less than that of brake pedal load applied 
by a driver. The brake fluid pressure reduction speed 
control means may be formed by a restriction in a brake 
fluid pressure circuit arranged between a master cylin- 

45 der at which the brake fluid pressure is generated in 
accordance with a brake pedal load applied by the 
driver and the wheel cylinder. 

Claims 

so 

1. A brake fluid pressure retaining unit for retaining 
brake fluid pressure within a wheel cylinder after 
releasing a brake pedal, the brake fluid pressure 
retaining unit comprising: a brake fluid pressure 
55 reduction speed control means for retaining reduc- 
tion speed of the brake fluid pressure within the 
wheel cylinder less than that of brake pedal load 
applied by a driver. 
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2. A brake fluid pressure retaining unit according to 
claim 1 , wherein said brake fluid pressure reduction 
speed control means is formed by a restriction in a 
brake fluid pressure circuit arranged between a 
master cylinder at which the brake fluid pressure is 5 
generated in accordance with a brake pedal load 
applied by the driver and the wheel cylinder. 

3. A brake fluid pressure retaining unit for retaining 
brake fluid pressure within a wheel cylinder after 10 
releasing a brake pedal, wherein said brake fluid 
pressure retaining unit retains reduction speed of 

the brake fluid pressure within the wheel cylinder 
less than that of brake pedal load applied by a 
driver. *5 
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taining brake fluid pressure within a wheel cylinder (WC) 
after releasing a brake pedal (BP) is disclosed. The 
brake fluid pressure retaining unit comprises a brake flu- 
id pressure reduction speed control means for retaining 
reduction speed of the brake fluid pressure within the 



wheel cylinder less than that of brake pedal load applied 
by a driver. The brake fluid pressure reduction speed 
control means may be formed by a restriction (D) in a 
brake fluid pressure circuit arranged between a master 
cylinder (MC) at which the brake fluid pressure is gen- 
erated in accordance with a brake pedal load applied by 
the driver and the wheel cylinder. 



Fig.1 



CO 
< 

o 

CO 
© 

Q. 
LU 




I *^ ^ BP 




Printed by Jouve. 75001 PARIS (FR) 



EP1 013 519 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant paasagea 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



US 3 705 643 A (IWAOKA SEIJIRO ET AL) 
12 December 1972 (1972-12-12) 

* column 6, line 25-49; figure 4 * 

* column 7, line 56 - coluim 8, line 45 * 

US 3 054 479 A (ALLEN ARTHUR C) 
18 Septeirber 1962 (1962-09-18) 

* column 1, line 62 - column 2, line 8; 
figures * 

GB 2 314 596 A (BOSCH GMBH ROBERT) 
7 January 1998 (1998-01-07) 

* page 1; claim 1; figure 1 * 

* page 11, paragraph 1 * 



1-3 



1,3 



1,3 



B60T7/12 
B60T13/68 
B60T11/10 
B60K41/20 



TECHNICAL FIELDS 
SEARCHED (lnLC!.7) 



B6GT 



The present search report has been drawn up tor aJI claims 



Place at 

MUNICH 



Dale ol completion of the March 

11 February 2092 



Examm«i 

Berthormie, E 



CATEGORY OF CiTED DOCUMENT'S 

X : particularly relevant 9 taken atone 

Y : particularly relavant ? combined with another 

document of the same category 
A : teohnobgieaJ background 
O : nor>- written dlaoloeure 
P : intermediate document 



T : theory orprinoiple underlying the invention 
E : earlier patent document, but published on, or 

after the f iling data 
D : document orbed in Ihe application 
L : dooument oiled for other reason* 



& : motrtw of the same patent tamly, corresponding 
document 



2 



EP 1013 519 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 12 4554 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European searoh report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is n no way liable for these particulars which are merely given for the purpose of information. 

11-02-2002 



Paten! document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



US 3705643 



12-12-1972 



JP 
JP 
JP 
DE 



49047386 B 

49047387 B 

49047388 B 
2031755 Al 



S 

u. 

§ For more details about this annex : see Official Journal of the European Patent Office, No. la^Z 



Publication 
date 



16-12-1974 
16-12-1974 
16-12-1974 
07-G1-1971 



US 


3054479 


A 


18-09-1962 


NONE 








GB 


2314596 


A 


07-01-1998 


DE 


19625919 


Al 


02-01-1998 






FR 


2750383 


Al 


02-01-1998 










JP 


10059147 


A 


03-03-1998 










US 


6056373 


A 


02-05-2000 



3 



